After establishing shore crabs, Carcinus maenas, individually in separate aquaria, we used a noninvasive infrared phototransducer to monitor their heartbeat rate continously before, during and after fights with intruder crabs. We confirmed that heartbeat rate is a reliable indicator of oxygen consumption and then used it to estimate indirectly the energetic cost of fights differing in duration and intensity, and its dependence on prior residence and relative size of opponent. Prior residence in aquaria significantly increased the probability that crabs would initiate fights against intruders. The majority of fights were resolved by aggressive contacts, display being used extensively only against smaller intruders. Fights between evenly sized opponents and between residents and larger intruders involved almost continuous aggression, whereas fights with smaller intruders involved several shorter bouts of aggression. Fight duration was weakly correlated with the relative size of opponents. Heartbeat rate, measured only in residents, was elevated above resting levels throughout fights, hence energy expenditure during fighting increased linearly with fight duration. Contrary to expectation, heartbeat rate was not significantly influenced by relative size of the opponent or by the intensity of aggression. After fighting, heartbeat rate usually returned to resting levels within 30-60 min, recovery taking longer in fights against larger intruders, when the fight was always lost. We propose that prolonged elevation of heartbeat rate in residents that had lost to larger intruders represented a state of alertness, adaptive against impending risks of resource loss or injury.
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Agonistic behaviour is critically related to fitness because for most animals, while potentially endangering survival, it ultimately determines access to limited resources, particularly food and mates (Parker 1974; Archer 1988) . It is generally assumed that natural selection optimizes the balance between potential benefits and costs experienced by contenders, so shaping the evolution of fighting strategies (Maynard Smith & Price 1973; Maynard Smith 1982) . To develop this cost-benefit approach, it is essential to measure the fitness consequences of alternative behavioural acts (Riechert 1988) . One of the most immediate consequences is metabolic cost and attempts to measure this in terms of aerobic and anaerobic metabolism during and after fights have been fruitful. The methods used, however, have either been destructive (Thorpe et al. 1995) , invasive and therefore potentially stressful (Smith & Taylor 1993) , or unable to record opponents separately, whose metabolic rate therefore had to be assumed equal (Hack 1997) . A noninvasive technique that allows the metabolic state of individuals to be monitored continuously should avoid most of the above problems, so widening scope and enhancing resolution for estimating costs of fighting.
Infrared monitoring of cardiac activity (Depledge & Andersen 1990 ) is a noninvasive technique widely applied to physiological problems (e.g. Aagaard et al. 1995; Aagaard 1996) and recently extended to behavioural experiments (Rovero et al. 1999) . In the present study, we used this technique to monitor the heartbeat rate of shore crabs, Carcinus maenas L., continuously during fights and subsequent recovery. Having established a correlation between oxygen consumption and heartbeat rate, we used the resultant data to estimate the metabolic costs of alternative fighting strategies. To induce different fighting strategies we exploited the Correspondence: R. N. Hughes, School of Biological Sciences, University of Wales, Bangor, Gwynedd LL57 2UW, U.K. (email: r.n.hughes@bangor.ac.uk 
